First of all, we mention the situation of empirical analyses on 3rd order BEC (Bose-Einstein Correlation) at RHIC. Second, we introduce several theoretical formulae / approaches. Third we present our analyses of data in Au+Au at 130 GeV by STAR and preliminary data in Au+Au at 200 GeV by PHENIX Collaborations. Our results also contain analyses by means of core-halo model. Finally, we estimate that the volume of interaction in Au + Au collisions at 130 GeV is 500 fm 3 , which is compared with V = R long R out R side ∼ 300 fm 3 in Pb + Pb collision at 2.76 TeV by ALICE Collaboration. Moreover, usefullness of empirical analyses on (2π + )π − and (2π − )π + combinations at RHIC and LHC energies is remarked.
Situation of Empirical analyses on 3rd order BEC in Au+Au collision at RHIC
As shown in Table 1 On the other hand, PHENIX Coll. [2] used data on diagonal line of a cube in Fig. 1 , Of course this relation holds, as the number of data increases. · · · is an average value. 
Several theoretical formulae
In many analyses on BEC, the following formulae based on plane wave function are used.
In laser optical (LO/GL) approach, the following formulae with a degree of chaoticity p have been proposed [3] and utilized,
3)
where E 2 2B = exp(−R 2 Q 2 ) (Gaussian form) and/or E 2 2B = exp(−R Q 2 ) (exponential form), and E 3 3B = exp(−R 2 Q 2 3 ) and so on. Third we explain the formulae by Coulomb wave function including the degree of coherence λ and the interaction range R [4, 5, 6, 7] . The two-body Coulomb wave function is well known as,
where, 
The 3rd order BEC is computed based on the 3-body Coulomb wave function in [6] ,
Hereafter, we use the following expression;
Notice that the numerical factor "2/3" in the exponential function is important [6, 7] .
where [5, 7] , Fig. 3 , we obtain F 1 as: (The other formulae F 12 ∼ F 123 and F 132 are given in [6, 7] .) 
Finally, it is known that the core-halo model is a useful model. However, explicit expressions are skipped here. See our studies in [4, 5, 6, 7] . See also [8] .
Analyses of data by STAR Coll and PHENIX Coll

3-1)
For Coulomb corrected data, we employ the conventional formulae, Eqs. (2.1) and (2.2). Ours are given in Table 2 and Fig. 4 . It is interesting that R 2π ∼ R 3π ∼ 8.5 fm for data by STAR Coll. Tables 2 and 3. 3-3) Raw data with q 3 > 0.02 GeV are analyzed by the formulae of Coulomb wave function (Eqs. (2.6) and (2.12)). Our results are also shown in Fig. 6 and lower-part of Table 3 . 
3-4)
Using two formulae in the core-halo approach (with Gaussian source function, the fraction of core part f c and the degree of coherent p c in [5, 6, 7] ) we obtain Fig. 7 . In raw data, there is no over-lapping region. On the other hand, in corrected data, we observe very narrow over-lapping region. The reason of the wide region of 3π BEC is due to large error bars of corrected data [2] .
Summary
4-1)
From raw data as well as Coulomb corrected data in Au+Au at 130 GeV by STAR Coll., we get the following interaction ranges R 2π = 8.7 fm and R 3π = 8.3 fm, and can estimate
This value is compared with that of ALICE Coll [9] , V = R long R out R side ∼ 300 fm 3 at dN ch /dη = 1500 and k T ∼ 0.3 GeV in Pb+Pb at 2.76 TeV.
4-2)
On the contrary, from corrected data at 200 GeV by PHENIX Coll., we obtain the ranges, by utilizing Eqs. (2.1) and (2.2), R 2π = 4.8 fm (λ = 0.39) and R 3π = 6.9 fm (λ = 0.34). From raw 
4-3)
Moreover, we also eager for empirical analyses of (2π + )π − and (2π − )π + combinations at RHIC and LHC energies. See [10, 11] .
